, respectively. Table 1 Construction of irradiated optical fibers Table  2 Optical components irradiated with
14-MeV neutrons
In-situ measurements of performance degradation were carried out for the optical fibers, LEDs and photodiodes(11)(12). A schematic drawing of the experimental arrangement and measuring system is shown in Fig. 2 . About 100 m long optical fiber samples were bundled like a ring for uniform irradiation. Light transmission loss measurements were made not only during but also before and after irradiation.
The measurement before irradiation is for correction of the error due to the ambient temperature change and that after irradiation is for examination of recovery performance. The input light power levels were adjusted as follows ; about 0. 
Neutron Damage
Typical damage effects of 14-MeV neutrons on the optical components are summarized in Table 3 . Some of these effects mean serious performance degradation of the components. Thus we define hardness levels to mean the 14-MeV neutron fluences at which important characteristics of the components degrade 10%. The hardness levels are standards of life spans for components used in a fusion neutron environment. Data on the hardness level of the optical components are necessary for design of optical instruments for fusion diagnostics and are also useful for estimation of their life The most serious damage effect of 14-MeV neutrons on optical fibers is an increase in light transmission loss. It has been found from many in-situ irradiation experiments that the fusion neutron response of optical fibers can be approximately grouped into 3 types as shown in Fig. 6 .
Type (I) is characterized by a large induced loss with little recovery. Optical fibers containing dopants in their cores (groups 2 and 4 in Table 1 ) showed this type of response. Their induced losses depended mainly on the neutron fluence and were only slightly influenced by the ambient temperature and the neutron flux. The growth of the induced loss is the net result of simultaneous damage and annealing.
The response of Type I corresponds to the response of optical fibers with weak annealing effect. Such optical fibers are unsuitable for use in a neutron environment. The plastic core fibers (group 5) also showed this type of response as a whole .
Type (II) is expressed as follows ; the induced loss increases steadily during irradia- cy. In LEDs, defects introduced by neutroninduced displacement damage act as nonradiative recombination centers and decrease the light emission efficiency. It has been found from the irradiation experiments on many different model LEDs that the hardness level of LEDs, the 14-MeV neutron fluence at which the light emission efficiency degrades 10%, is X 10" n/cm2. Typical neutron damage effects on photodiodes were a decrease in quantum efficiency and an increase in leakage current. In photodiodes additional recombination centers and traps introduced by neutron-induced displacement damage shorten the carrier lifetime, which results in the decrease in quantum efficiency.
Similarly from neutron damage data on many different model photodiodes, the hardness level of photodiodes, the 14-MeV neutron fluence at which their quantum efficiency degrades 10%, has been found to be 1-40 X 10" n/cm2. Avalanche type photodiodes were a little more sensitive to 14-MeV neutrons than the other type photodiodes. Significant degradation of response speed was not observed for both photodiodes and LEDs. Figure 8 shows pulse height distributions of the irradiated plastic scintillator for "'Am a-rays.
As shown in the figure, the fusion neutron damage effects on the scintillator were as follows ; (1) decrease in light output, (2) degradation of energy resolution, and (3) increase in noise level. The other scintillators also exhibited similar pulse height distributions after irradiation, that is, the shift of the peak position to the lower side, the broadening of the FWHM and the increase in counts in the low pulse height region. The CsI(T1) and ZnS(Ag) scintillators showed much larger increase in noise level than the plastic scintillator, which was due to their high neutron-induced activities. The hardness levels of the scintillators have been determined from smoothed curves linking the degradation levels of the relative light output plotted against neutron fluences. These curves are shown in Fig. 9 . It can be seen from the curves that the scintillators experience 10% light output degradation in the neutron fluence region of 5-40X1014 n/cm2.
Also the plastic and CsI(Tl) scintillators obviously discolored after irradiation and their light transmission spectra are shown in Fig. 10 . 
